Objective: To assess the benefits of smoking cessation regarding mortality reduction after smokers quit, and regarding the health of newborns after smoking mothers quit. Methods: Relative mortality risks (RR) for smokers aged 35 or older who quit years ago were calculated from the follow up of 71 361 civil servants and teachers recruited since 1989. Data from the Pregnancy Risk Assessment Monitoring System in Taipei City were used to calculate the odds ratios of body weights of newborns born to mothers of different smoking status. Results: Mortality risk for ex-smokers was significantly lower than that of current smokers for all causes (18%), all cancer (22%), lung cancer (39%), and ischaemic heart disease (54%). These benefits were not distinguishable initially, up to five years, but by year 17 and thereafter, substantial benefits of cessation accrued. Two thirds of smoking women quit during the first trimester of pregnancy, and only 2.2% of mothers smoked throughout pregnancy. The newborns from smoking mothers were smaller than those from never smoking mothers, but, if these mothers quit early in the first trimester, birth weights were normal. Conclusions: The health benefits of smoking cessation, rarely reported for Asian populations, have been largely ignored by smokers in Taiwan, where cessation activities have been extremely limited. Findings of this study that risks from smoking can be attenuated or reversed should be widely communicated to motivate smokers to quit. Smokers should quit early, including smoking mothers, and not wait till medical conditions surfaced, to have the maximal benefits of cessation.
T hrough anti-smoking efforts by the Taiwan government, public awareness of the health hazards of smoking has substantially increased. 1 The increased awareness was intended to prevent new smokers from commencing and to reduce the number of smokers. However, the number of smokers in Taiwan has remained stable in the last decade when anti-smoking campaigns increased. 2 The campaigns emphasised the hazards of smoking. but caused few smokers to quit, with many smokers simply switching to light cigarettes. 3 4 As eight out of 10 smokers in Taiwan surveyed agreed with the statement that smoking causes lung cancer, 1 the lack of significant progress in cessation reflects not so much of a lack of appreciation of the seriousness of health hazards, but reflects more a lack of easy access to or effective incentives for cessation services, providing encouraging information on the benefits of cessation.
There are far more smokers than ex-smokers in Taiwan, 5 with the smoker/ex-smoker ratio being seven times higher than that in the USA. 6 The extensive literature on the health benefits of cessation has been summarised by the US Surgeon General, 7 and the financial and clinical effectiveness of addiction based ''cessation treatment'' have been established. [8] [9] [10] [11] The benefits of quitting by smoking mothers have also been well documented. [12] [13] [14] [15] [16] [17] [18] [19] Few of these benefits of cessation, however, have been developed from studying Asian populations. 20 Critics claim that, not only may there be genetic differences, but also differences in smoking behaviour, such as in the type of cigarettes smoked, in the quantity smoked, or the length of time smoked. 5 21 As a result, smokers in Taiwan argued that the results may not be fully applicable to them, and these differences may affect the magnitude of hazards and the extent of benefits. 2 For example, eight out of 10 Taiwanese smokers chose to smoke the leading domestic brand ''Long Life'', with many of them believing that the adverse health effect of this brand could be different from other brands. This example illustrates the need for Taiwan specific information on smoking harm and cessation benefits.
The purpose of this paper is to quantify the benefits of smoking cessation in terms of mortality reduction after cessation, and for the health of newborns after smoking mothers quit. Two sets of Taiwanese data were used to identify the benefits of cessation. The mortality experience of smokers who had quit for various lengths of time were compared to that for continuing smokers, and the birth weights of newborns from mothers who quit early in pregnancy were compared those of mothers who continued to smoke.
METHODS

Relative mortality risks for ex-smokers
The study cohort consisted of 71 361 government employees and teachers who underwent annual medical screenings between 1989 and 1992 at the Taipei Outpatient Service Center. 21 These medical screenings were offered by their employers as a part of their benefit programmes.
Current smokers were those smoking at the time of recruitment, while ex-smokers were those who had quit for at least six months. For smokers, additional information on the age of initiation, duration and quantity smoked, and for ex-smokers, number of years quit, were collected. Vital status as of 31 December 2001 and causes of death information were ascertained through matches between the personal identification number of cohort members and computerised national death files. The causes of death were classified by the International classification of diseases 9 th revision (ICD-9). Only those males aged 35 or older were included in the calculation of smokers' and ex-smokers' mortality experience.
The age adjusted relative risks of mortality for ex-smokers were compared to those of current smokers and non-smokers using Cox's proportional hazards model (SAS PHREG Procedure). 22 Relative risks (RR) and 95% confidence intervals (CI) were calculated for each cause of death.
Birth weight of infants of never smoking, quitting, and continuing smoking mothers Data on birth outcomes and smoking status of pregnant women came from the Pregnancy Risk Assessment Monitoring System (PRAMS) in Taipei City. With the use of a standard registration form, the nurses at the prenatal clinics entered maternal information such as smoking status and later reported pregnancy outcomes into the system after delivery. A total of 11 131 births were reported in an 18 month period, between January 2002 and June 2003. All seven municipal hospitals in Taipei City participated in the PRAMS system.
Through interviews by clinic nurses, the smoking status of each pregnant woman was identified. Quitting mothers were those who indicated quitting before or by the time of the first prenatal visit in the first trimester. Smoking/non-quitting mothers were those who continued to smoke beyond the first trimester. Twins and still births were excluded. Of the 11 131 total births, there was information on birth weight of 9499 single, live births, or a completion rate of 85%. Newborns weighing less than 2500 g were classified as low birth weight (LBW). 12 The frequency of mothers by smoking status, age, education, parity (whether the first or later child), and sex of child was tabulated. The odds ratios (OR) of a LBW baby and its 95% CI were calculated using logistic regression methods 22 distinguishing between smoking, quitting, and never smoking mothers. We controlled for age of the mother, sex of the child, parity, and existence of alcohol habit.
RESULTS
Relative mortality risks and benefits of cessation of adult male ex-smokers The studied cohort included 30 244 male subjects, aged 35 years or older, and were followed up for an average of 11 years. In contrast to the national prevalence of adult male smokers at 46.8% and ex-smokers at 6.8%, 5 there were 29.4% smokers and 13.6% ex-smokers in this cohort, reflecting the lower rate of smoking and higher rate of cessation in this better educated and higher socioeconomic class of the cohort. Table 1 lists the age adjusted relative risks of smoker and ex-smoker groups with the never smoker group as the comparison. Both smokers and ex-smokers had increased relative risks for deaths from all causes (RR 1.60 and 1.33, respectively) and from all cancer (RR 1.80 and 1.47, respectively). In addition, smokers had significantly higher risks for death from lung cancer, cardiovascular diseases, ischaemic heart disease, and all accidents. For ex-smokers, the relative risks showed similar increases in several causes, but with significance found only for lung cancer. Table 2 provides a direct comparison between ex-smokers and smokers. Ex-smokers showed significantly reduced mortality risks for all causes (18%) and for all cancer (22%) when compared to smokers. Lung cancer was reduced by 39%, and ischaemic heart disease by half (54%). Risk for all accidents was also lower.
The benefits derived from different lengths of cessation are shown in table 3. Due to the small number of deaths in exsmokers, not all relative risks were significant, although a beneficial trend was found with time since quitting. Those who quit for five years or less had non-significant reductions in risk relative to current smokers for all causes (RR 0.95). Those who had quit for more than 16 years had substantially reduced risks for deaths from all causes (28%), all cancer (40%), lung cancer (68%) for all ages, and ischaemic heart disease (46%) for those in the middle adult age.
Birth weight of infants of never smoking, quitting, and continuing smoking mothers As shown in table 4, there were 9499 mothers having their live births registered in Taipei City, with 6.4% indicating that they smoked before this pregnancy. At the prenatal clinic visits during the first trimester, two thirds of smoking mothers (4.2% of all mothers) indicated they already quit smoking. The remaining one third or 2.2% continued to smoke beyond the first trimester. The majority (54%) of pregnancies of smoking (non-quitting) mothers were for second child or subsequent births, while two thirds of quitters were for primigravida (64%, p , 0.05). Never smoking mothers were more educated, and tended to be older, with more than half of their pregnancies being their first. (table 5) . They were also significantly smaller than babies from smoking mothers who quit in the first trimester, with an average of 168 g less birth weight per infant. There was no difference between the birth weight of infants of never smoking and quitting mothers (p = 0.63). The proportion of mothers having LBW infants, defined as less than 2500 g birth weight, was significantly higher (OR 1.7) for smoking mothers when compared with never smoking mothers, with age, education, parity, and alcohol drinking adjusted. Quitters did not differ from never smokers in their propensity to have LBW infants.
DISCUSSION
This study provides strong evidence for two types of benefits from smoking cessation in this population: (1) after smokers quit, mortality risk from smoking related diseases decreased, with the amount of reduction increasing over time; and (2) the birth weight of the newborns significantly improved as smoking mothers quit smoking at or before first trimester. These favourable results from smokers after quitting, extensively studied in the Western populations, have rarely been reported in Asian populations. 7 After smokers quit, ex-smokers experienced mortality benefits for all causes. Ex-smokers also reduced the risks of dying from all cancers, lung cancer, respiratory disease, and accidental deaths. Similar beneficial results have been seen in different cohorts, such as British doctors, 23 the Danish population, 24 and, most impressively, the one million volunteers in the American Cancer Society study of CPS-II (cancer prevention study). 7 In the CPS-II study, ex-smokers' risks decreased gradually with time since cessation for 15 or more years, until their risks approached those of nonsmokers. In our study, it also took 17 years or longer for ex-smokers to reduce their overall risks significantly. Different mortality risks among ex-smokers decreased at different paces. For example, heart disease risks decreased most in the first five years. Cancer risks fell after smokers quit for more than 10-15 years, if at all. 25 Accidental injury risks observed in this study are likely to benefit ex-smokers shortly after they quit.
When the proportion of ex-smokers at each age group was compared, the quit rate increased linearly with increasing age. 26 As demonstrated in nationwide surveys in Taiwan, more than 80% of ex-smokers attribute their cessation to health concerns as they become older. 1 2 Many of these smokers quit only after serious medical conditions develop and would show limited benefits from cessation, or even temporarily increased risks, compared to ex-smokers without medical conditions. The mortality experience of ex-smokers immediately after quitting had improved slightly in this study, but was not significantly different from that of continuing smokers. This paradoxical phenomenon was also observed in the American Cancer Society's CPS-II study, where overall mortality ratios of ex-smokers were higher than smokers in the first two years after cessation. The most likely explanation for this is that many smokers who quit for medical reasons do so too late to experience the benefits of cessation.
That only a small fraction of smokers had quit in Taiwan was highlighted by the sevenfold difference between the number of smokers and ex-smokers. A reduction of this ratio to one, requiring nearly half of the smokers in Taiwan to quit successfully, would approximate the tobacco control efforts achieved today in the USA. 6 Such a low cessation rate is indicative of ineffective cessation efforts and is characteristic of many Asian countries, 27 and has important implications for the future direction of tobacco control.
The common failure of physicians to advise smokers to quit is believed to play a pivotal role in producing few ex-smokers in Taiwan. 28 Many physicians in Asian countries have been trained in the USA and have achieved high proficiency in the skills of delivering acute care inside the hospitals, but, in areas such as counselling lifestyle changes at the clinic settings, including smoking cessation, they are poorly prepared. In contrast to their counterparts in the USA, 29 30 medical societies in Taiwan have never taken a public position on the issue of smoking or the importance of cessation. Furthermore, they are expected to provide cessation services in a medical system that has yet to value highly such services. For example, pharmacotherapy for cessation, such as the use of nicotine replacement therapy (NRT), a proven effective method for cessation, 11 31 is not reimbursable under the National Health Insurance system in Taiwan. Based on industry sales figures, 32 NRT has been very infrequently used in Taiwan. In any given year in the last decade, less than one in a thousand smokers purchased NRT medication. The high cost of NRT, relative to cigarette price, and the lack of support for motivated physicians contributed to such phenomenon. 28 The health benefits of cessation were derived from male data only, as there were too few females in the sample to obtain meaningful estimates. While these results are applicable to male smokers only, males constitute more than 90% of smoking adults in Taiwan. Similarly, while our data were derived from a cohort consisting of individuals of relatively higher education and above average socioeconomic status (SES), the nature of the way relative risks were developed stemmed from an internal comparison to subjects with comparable SES. Thus, these reduced risks and the accrued benefits of cessation observed in this study should be a reasonable estimate for all the smokers in Taiwan.
Our study on smoking during pregnancy in Taiwan confirmed both the increased risk to newborns by smoking mothers and the near reversal of that risk when they quit early. 12 If smoking mothers quit during or before the first trimester, the weight lowering effect on the newborns could nearly be reversed. This information should serve as an important message to encourage quitting by smoking mothers in order to improve the health of their babies.
The low birth weight observed in this study is a major risk factor for mortality as well as for morbidity of the infants. 12 LBW infants have an unusually large number of inpatient days in Taiwan. 33 Depending on their weight, these infants stay in hospital between 23 and 119 days, spending a similar number of days between the intensive care unit (ICU) and the regular ward. The cost of each hospitalisation ranged between US$5200 and US$40 000, being 5-40 times the cost of normal delivery. This is but one of the many medical services required for sustaining the life of premature babies. 12 Publicity for these serious medical complications and financial consequences could help persuade smoking mothers to quit. 12 15 19 Additional benefits of cessation to young child could also be publicised, including reduction of second hand smoke, and reduced risk of sudden infant death syndrome, respiratory illnesses, and infections. 12 34 35 Two thirds of smoking mothers in the sample indicated quitting at or before the first trimester. If such a sharp curtailment of smoking during pregnancy were sustained after delivery, smoking rates would have dropped sharply during the reproductive ages for women. However, a nationally representative survey of 3208 women with small child before the age 5 in Taiwan, indicated that 33 of the 140 smoking women recalled that they had quit during pregnancy, but 29 or 88% relapsed after delivery. 36 The extent of relapse can also be indirectly deduced from smoking prevalence during childbearing age groups in Taiwan, increasing from 3.8% (ages 18-19) and 4.5% (ages 20-29) to 5.7% (ages 30-39), with most women (more than 95%) having had at least one pregnancy by age 40. 37 That most quitting mothers relapsed after delivery is regrettable, but the beneficial effect of quitting in the first trimester is nevertheless valuable.
The need for support or encouragement for quitting mothers, with more smokers in the lower SES, suggests opportunities for intervention, but presents challenges for effective communication. 31 The hazards of smoking and the benefits of cessation in reversing the damage done by a smoking mother should be presented in an understandable and convincing format to all levels of educational background. At the same time, low cost services for quitting assistance should be provided.
11 31 38 39 The pregnancy related benefits of cessation observed in this study may have been underestimated by including those who quit with serious medical conditions, particularly when the results were applied to those smokers who quit without having a medical condition. The risk of LBW by smoking mothers, and the benefits of quitting, may have also been underestimated if they quit smoking as soon as becoming aware of their pregnancy but identified themselves as nonsmokers. Similarly, underestimation occurred, if they continued to smoke but significantly reduced the amount they smoked. Indeed, smoking mothers reduced consumption from a mean (SD) of 12.2 (8.2) cigarettes per day to 6.7 (15.1) cigarettes per day in this study. The LBWs may have been more pronounced if they maintained their prepregnancy smoking amount. Another possibility for underestimation is that more than half of women of reproductive ages in Taiwan (58%) were exposed to environmental tobacco smoke (ETS) at home. 5 These non-smoking women, having high ETS exposures, had been reported to have a higher tendency for having infants of LBW.
What this paper adds
The benefits of smoking cessation have been less studied in Asian countries than in Western nations. Such knowledge is needed to encourage smokers to quit, and to increase the extremely low cessation rate in Taiwan. In this study smokers reduced mortality risks and babies reversed low birth weight status, as a result of smoking cessation. Publicising that smoking hazards could be attenuated or reversed could motivate smokers to quit.
